Introduction
============

Cancer is a systemic and complex disease that seriously affects human health[@B1]^11^. In East Asia, especially in China, gastric cancer is the cancer with the highest morbidity and mortality. Chemotherapy is one of the main treatments for gastric cancer. However, tumor cells have natural and acquired resistance to chemotherapy, leading to the failure of chemotherapy[@B2]-[@B3].

Cisplatin is a commonly used drug for chemotherapy, and plays a cytotoxic role mainly through the induction of DNA damages such as DNA adducts[@B4], double strand breaks[@B5]. Tumor cells generate cisplatin resistance by enhancing DNA damage repair capabilities[@B6]. Repair pathways including nucleotide excision, homologous recombination, and non-homologous end joining are involved in the repair of DNA damages caused by cisplatin. XRCC1 plays an important role in the repair of both single-strand DNA damage and double-strand DNA breaks[@B7]-[@B8]. By establishing cisplatin-resistant tumor cell model, we previously revealed that the increased XRCC1 contributes to drug resistance in human cancer cells. We found that XRCC1 may join the DSB repair process triggered by cisplatin through the NHEJ pathway, because XRCC1 was co-located with DNA-PK, which was the core repair complex in NHEJ[@B9]-[@B10]. However, it remains unknown how XRCC1 reaches the site of DNA damage during DNA repair.

The spatial structure of chromatin plays an important regulatory role in DNA damage response, and the remodeling of chromatin spatial structure mainly depends on the post-translational modification of lysine residues in histones[@B11]. Recently, the role of histone methylation modification in DNA damage response is receiving more and more attention[@B12]-[@B13]. Histone methylation occurs mainly in H3K4, H3K27, H3K36, and H4K20. Demethylation of H3K4 can adjust the spatial structure of chromatin in the event of DNA damage to fully accessible to large protein complex for DNA damage repair[@B14]-[@B16]. The methylation status of H3K4 is regulated by methyltransferase and demethylase. Methyltransferase is mainly MLL family proteins, while demethylase includes KDM5A, KDM5B, KDM5C and KDM5D. However, the role of H3K4 methylation in gastric cancer drug resistance is not well known.

Here, we found that H3K4 methylation levels were reduced and KDM5B was increased in gastric cancer resistant cells. Reverting H3K4 methylation levels by chemical or genetic inhibition of KDM5B reversed chemoresistance by impairing the recruitment of XRCC1 for efficient DNA damage repair. Molecular chaperone HSP90 protects KDM5B from biquitin-proteasomal degradation, thus increasing KDM5B expression to promote chemoresistance. Therefore, targeting KDM5B and HSP90 to attenuate DNA damage repair might be a valuable strategy for reversing chemoresistance and improving chemotherapeutic effects.

Results
=======

Demethylation of H3K4 resulted in chemoresistance
-------------------------------------------------

In previous studies, we have established chemoresistant cancer cells by chronic low-dose cisplatin exposure of primarily sensitive gastric cancer cell lines SGC7901 and BGC823, respectively[@B9]-[@B10], [@B17]. As shown in Figure [1](#F1){ref-type="fig"}a and b, the survival rates of sensitive cells SGC7901 and BGC823 showed a dose-dependent decline in response to cisplatin. However, the resistant cells SGC7901/DDP and BGC823/DDP still maintained a high survival rate under the effect of cisplatin. We first examined the methylation level of H3K4 in drug-resistant cells and -sensitive cells, and found that the overall methylation level of H3K4 especially di-methylation and tri-methylation levels were decreased in both drug-resistant cells, and the most significantly decreased was tri-methylation (Figure [1](#F1){ref-type="fig"}c). To elucidate the relevance of H3K4 methylation to drug resistance, we used the methyltransferase inhibitor MM-102 and the demethylase inhibitor JIB-04 to alter intracellular H3K4 methylation (Supplementary Figure [1](#SM0){ref-type="supplementary-material"}a and b). The results showed that the inhibition of H3K4 methylation by MM-102 significantly increased the survival rates of sensitive cells SGC7901 and BGC823 under the treatment of cisplatin (Figure [1](#F1){ref-type="fig"}d and e). Conversely, the use of JIB-04 to promote methylation of H3K4 significantly reduced the survival rates of drug-resistant cells under cisplatin treatment (Figure [1](#F1){ref-type="fig"}f and g). In summary, these results suggested that demethylation of H3K4 could promote the drug resistance of cancer cells.

Restored H3K4 methylation repressed DNA repair and promoted cell apoptosis
--------------------------------------------------------------------------

Our previous study has demonstrated that the DNA repair protein XRCC1 restrained cisplatin-induced cell death through DNA damage-induced apoptosis.[@B9] To investigate the relevance of XRCC1 to H3K4 demethylation-promoted chemoresistance, we determined the co-localization of cisplatin-triggered XRCC1 and γH2AX in cancer cells with or without the treatment of JIB-04. Immunofluorescence assay data showed that JIB-04 weakened the co-localization of XRCC1 with γH2AX (Figure [2](#F2){ref-type="fig"}a). Moreover, JIB-04 treatment reduced XRCC1\'s binding to chromatin under cisplatin treatment while the total amount of XRCC1 did not change (Figure [2](#F2){ref-type="fig"}b), suggesting that methylation of H3K4 may hinder the recruitment of XRCC1 for efficient DNA damage repair. As a consequence, cisplatin combined with JIB-04 resulted in more apoptosis of drug-resistant cells SGC7901/ DDP and BGC823/DDP than cisplatin alone (Figure [2](#F2){ref-type="fig"}c and d, Flow-cytometry analysis; 2e and f, Western blotting). On the other hand, cisplatin in combination with MM-102 reduced apoptosis in sensitive cells when compared with cisplatin alone (Supplementary Figure [2](#SM0){ref-type="supplementary-material"}a and b). The levels of cleaved-PARP1 in MM-102 and cisplatin treated cells were significantly lower than that in cells treated with cisplatin alone (Supplementary Figure [2](#SM0){ref-type="supplementary-material"}c and d). These results suggested that H3K4 hypermethylation can inhibit XRCC1\'s recruitment for effective DNA repair to promote chemotherapy-induced apoptosis.

Demethylation of H3K4 promoted chemoresistance due to the increased KDM5B expression
------------------------------------------------------------------------------------

To explore the mechanism for decreased methylation level of H3K4 in chemoresistance cells, we screened the expression of the hitherto known H3K4 tri-methylated demethylases including KDM5A, KDM5B, KDM5C, and KDM5D. As a result, only KDM5B was highly expressed in both drug-resistant cells respectively compared with their parental cells (Figure [3](#F3){ref-type="fig"}a, and Supplementary Figure [3](#SM0){ref-type="supplementary-material"}a-c). Knockdown of KDM5B succeeded to increase the tri-methylation level of H3K4 in drug-resistant cells (Figure [3](#F3){ref-type="fig"}b). Moreover, knockdown of KDM5B induced more cleaved-PARP1 (Figure [3](#F3){ref-type="fig"}c), together with reduced co-localization of XRCC1 with γH2AX (Figure [3](#F3){ref-type="fig"}d), in drug resistant cancer cells treated with cisplatin. In consistance with this, knockdown of KDM5B resulted in a decrease of XRCC1\'s binding to the chromatin upon cisplatin treatment, while the total amount of XRCC1 in the cells did not changed (Figure [3](#F3){ref-type="fig"}e, and Supplementary Figure [3](#SM0){ref-type="supplementary-material"}d). On the other hand, enforced overexpression of KDM5B in SGC7901 and BGC823 cells by transfection of flag-KDM5B plasmid resulted in reduced H3K4 tri-methylation (Figure [3](#F3){ref-type="fig"}f) and cell death with cisplatin treatment (Figure [3](#F3){ref-type="fig"}g and h). Taken together, these results indicated that increased expression of KDM5B demethylated H3K4 to facilitate XRCC1\'s recruitment for efficient DNA repair in drug resistant cancer cells.

HSP90 protected KDM5B from ubiquitin-dependent proteasomal degradation
----------------------------------------------------------------------

To investigate the mechanism of KDM5B overexpression in drug resistant cells, we first examined the mRNA levels of KDM5B in the two pairs of cells, and found no significant differences in KDM5B mRNA level between drug sensitive and resistant cells (Supplementary figure [4](#SM0){ref-type="supplementary-material"}a). In contrast, the proteasome inhibitor MG132 increased KDM5B expression significantly (Supplementary figure [4](#SM0){ref-type="supplementary-material"}b), suggesting that high expression of KDM5B may be due to the blockage of ubiquitination-proteasomal degradation.

Interestingly, in an effort to understand the underlying mechanism of increased KDM5B expression in drug resistant cancer cells, we identified the molecular chaperone HSP90 as a novel interaction partner of KDM5B by mass spectrometry screening and co-immunoprecipitation validation (Figure [4](#F4){ref-type="fig"}a, Supplementary Figure [4](#SM0){ref-type="supplementary-material"}c). However, we found no significant changes in the expression of KDM5B and HSP90 in cisplatin-treated cells, while the interaction of flag-tagged KDM5B with HSP90 was actually increased (Figure [4](#F4){ref-type="fig"}b), indicated this interaction is a dynamic process. In addition, there was no significant difference in HSP90 expression between drug-resistant cells and sensitive cells (Supplementary figure [4](#SM0){ref-type="supplementary-material"}d), suggesting an increase of the binding of KDM5B to HSP90 during the development of drug resistance. Indeed, knockdown of HSP90 resulted in down-regulation of KDM5B expression, which could be blocked by MG132 (Figure [4](#F4){ref-type="fig"}c). Moreover, HSP90 inhibitor 17-AAG also down-regulated KDM5B expression in both time- and dose-dependent manners (Figure [4](#F4){ref-type="fig"}d and e, Supplementary Figure [4](#SM0){ref-type="supplementary-material"}e and f). Likewise, MG132 could also block 17-AAG-induced KDM5B down-regulation. Similar to genetic knockdown of HSP90, 17-AAG also induced significant poly-ubiquitination of KDM5B (Figure [4](#F4){ref-type="fig"}g). Therefore, these results suggested that HSP90 protected KDM5B from ubiquitinion-dependent proteasomal degradation in chemoresistance.

Reversing *in vivo* chemoresistance by inhibiting KDM5B and HSP90
-----------------------------------------------------------------

To further confirm the relevance of HSP90 to chemoresistance, we tried to reverse drug resistance with 17-AAG *in vitro*. Like that of sensitive cells, the survival rate of drug-resistant cell was decreased in a time-dependent manner with 5uM 17-AAG treatment (Figure [5](#F5){ref-type="fig"}a and b). Furthermore, 17-AAG combined with cisplatin resulted in a significant decline of cell viability compared with using cisplatin alone (Figure [5](#F5){ref-type="fig"}c and d). We further tried to reverse drug resistance with 17-AAG *in vivo*. We injected drug-sensitive and resistant cells into mice subcutaneously, we found that in situ tumors of both cells did not grow, but liver metastases occurred, and the liver metastasis of drug-resistant cells was significantly more than that of sensitive cells (figure [5](#F5){ref-type="fig"}e and f). Moreover, cisplatin treatment does not prolong the survival of mice in the resistant cell group (figure [5](#F5){ref-type="fig"}g). Then, we injected drug-resistant cells SGC7901/DDP into mice subcutaneously and treated with 17-AAG or JIB-04, with or without cisplatin. The results showed that 17-AAG alone or in combination with cisplatin significantly increased the survival of mice (Figure [5](#F5){ref-type="fig"}h). Similarly, JIB-04 alone or combined with cisplatin significantly increased the survival of mice (Figure [5](#F5){ref-type="fig"}h). Therefore, targeting KDM5B and HSP90 could reverse drug resistance both *in vitro* and *in vivo*.

Discussion
==========

Drug resistance is the leading cause of chemotherapy failure. Increased DNA damage repair is an important mechanism leading to resistance to DNA targeting drugs such as cisplatin[@B18]-[@B19]. DNA repair process depends on the activation of DNA repair molecules on one hand, and remodeling of chromatin spatial structure on the other hand[@B20]-[@B21]. The covalent modification of histones plays an important role in regulating chromosome structure, controlling gene transcription and participating in DNA damage repair[@B22]-[@B24]. Histone H3K4 methylation is an important type of chromatin covalent modifications, which is closely related to tumorigenesis[@B25]-[@B27]. There are three modes of methylation of H3K4, monomethylation, dimethylation, and trimethylation. H3K4 methylation can promote the transcriptional activation of many oncogenes to promote tumorigenesis. In addition, H3K4 methylation maintains tumor cell survival by regulating DNA damage response. We found that the level of H3K4 methylation in chemoresistant cancer cells was decreased. Reverting H3K4 methylation levels can restore the sensitivity of resistant cells to chemotherapeutic drugs, whereas inhibition of H3K4 methylation can confer drug resistance to sensitive cancer cells. H3K4 demethylation promotes drug resistance by recruiting XRCC1 for efficient DNA repair and thereby inhibiting apoptosis. How H3K4 methylation modulates the chromatin spatial structure to affect the localization of XRCC1 at the damage site, and the dynamic regulation of XRCC1 deserves further studies.

Histone methylation is catalyzed by methyltransferase and demethylase. To date, two major classes of demethylases have been discovered. One is the class of lysine-specific demethylases 1, members of the amino acid oxidase family, such as LSD1[@B28]. The other is a family of proteins that contain the Jumonji domain. This species has diverse catalytic substrates but generally require the involvement of Fe^2\ +^ and α-ketoglutarate for the demethylation [@B29]-[@B30]. Although all of these proteins can catalyze the demethylation of histones, they have some differences in substrate selection. Enzymes that catalyze H3K4 demethylation include KDM5A[@B31], KDM5B[@B32], KDM5C[@B33], and KDM5D[@B34]. We tested the expression of these proteins in resistant cells and found that only KDM5B is highly expressed in chemoresistant cancer cells. Knockdown of KDM5B expression could increase the methylation level of H3K4 in drug-resistant cells and blocked the localization of XRCC1 to DNA damage, thereby enhancing the drug sensitivity. While overexpression of KDM5B in sensitive cells decreased the methylation level of H3K4 and led to the resistance to cisplatin, indicating that KDM5B promotes the formation of drug resistance in cancer cells. It has been reported that KDM5B played oncogenic roles in a variety of cancers, such as breast cancer, esophageal cancer, and lung cancer[@B35]. After the treatment of melanoma cells with chemotherapeutic drugs such as cisplatin or molecular targeting drugs as vemurafenib, a group of subpopulations with high KDM5B expression were uniformly enriched as resistant clones[@B36]. Targeting these subpopulations significantly sensitized melanoma cells to therapy independent of their genotypes, further pinpointing the relevance of KDM5B to drug resistance. By demethylates H3K4, KDM5B not only regulates gene transcription, but also correlates with DNA damage repair. For example, KDM5B is crucial for accurate location of DNA repair molecules such as Ku70, Ku80 and BRCA1 at the damage site[@B15]. Certainly, some important questions remain open, such as the dynamic regulation of KDM5B in the short process of DNA repair.

Post-translational modifications play an important regulatory role in the structure and function of proteins. A variety of post-translational modifications of KDM5B such as ubiquitination, sumoylation have been reported to regulate its expression and function^36^.[@B37] For instance, E3 ligase TRAF6 catalyzes the mono-ubiquitination of KDM5B K242 to promote KDM5M enzymatic activity, while K242 can also be recognized by E3 sumo enzyme RNF4 for sumolyation[@B38]-[@B39]. In this study, we found that HSP90 was crucial for the protection of KDM5B from ubiquitination-dependent proteasomal degradation. Further studies are needed to identify the enzyme as well as the lysine sites for the ubiquitnation of KDM5B.

Importantly, both HSP90 inhibitor 17-AAG and the KDM5B inhibitor JIB-04 reversed chemoresistance *in vitro* and *in vivo*[@B40]-[@B43]. As 17-AAG and other chemical inhibitors of HSP90 has been evaluated in clinical trials for their potential clinical application in cancer treatment, this study might provide added values in the design of combination treatment strategies for various human cancers.

Materials and Methods
=====================

Chemicals and Cell lines
------------------------

Cisplatin, MM-102, JIB-04, 17-AAG, MG132 were bought from Selleck Chemicals (Shanghai, China). Human gastric cancer cell lines BGC823 and SGC7901 were purchased from the Type Culture Collection of the Chinese Academy of Sciences (Shanghai, China). The cells were cultured in RPMI 1640 medium supplemented with 10% of fetal bovine serum (FBS), 100 U/ml of penicillin, and 100 μg/ml of streptomycin (Life Technologies/Gibco, Grand Island, NY, USA). The cells were grown at 37℃ in a humidified incubator with 5% CO2. The cisplatin-resistant cells were developed from the parental cells subjected to persistent gradient exposure to cisplatin for about 12 month, through increasing cisplatin concentration from 0.05 μg/ml until the cells acquired resistance to 1 μg/ml.

Cytotoxicity assay
------------------

One day before treatment, BGC823, SGC7901, BGC823/DDP, SGC7901/DDP cells were plated at a density of 5000 cells per well in 96-well plates. The cells were treated with various concentrations of drugs. After 24 h treatment, the cell viability was determined using Cell Counting Kit-8 (CCK-8) according to the manufacturer\'s instructions (Dojindo, Kumamoto, Japan). The cell survival rates were expressed as mean±S.D. from at least three independent experiments.

Flow cytometry analysis
-----------------------

Apoptotic cell death was determined by using the FITC Annexin V Apoptosis Detection Kit I (BD Bioscience, Bedford, MA, USA) according to the manufacturer\'s instruction. Cells were washed twice with cold PBS and then suspended at a concentration of 1×10^6^ cells/ml in 1×Binding Buffer. Then 100 μl cellular suspensions were added with 5 μl of FITC Annexin V and 5 μl PI, and then incubated for 15 min at room temperature in darkness before analyzed by flow cytometry.

Plasmid, siRNA and transfection
-------------------------------

The flag-KDM5B plasmid was constructed by GeneChem Company (Shanghai, China). The plasmid was transfected into cells with X-tremeGENE HP DNA Transfection Reagent (Roche, Basel, Switzerland). In brief, cells were seeded overnight in 6-well plates (3-5×10^5^/well). DNA was diluted to a final concentration of 1 µg plasmid DNA /100 µl medium before adding 2µl DNA Transfection Reagent. The transfection reagent:DNA complex was added for to the cells in a dropwise manner after incubating for 15 min. The transfected cells can be harvested for further analysis after incubation for 1-3 days at 37°C.

The siRNA was transfected into cells with Lipofectamine RNAiMAX Reagent (Life Technologies, CA, USA) according to manufacturer\'s instructions. In brief, cells were seeded overnight in 6-well plates(3-5×10^5^/well). 9μl Lipofectamine RNAiMAX Reagent or 30pmol siRNA were diluted separately in 150μl Opti-MEM Medium and mixed them for 5min before adding to cells. The transfected cells were incubated for 1-3 days before harvesting for further analysis. Small interfering RNA (siRNA) specific for KDM5B (1\# 5\'-CACTGGAGCTATTCAATTA-3\', 2\# 5\'-GCGTATCCGTTTGGAACAA-3\'), HSP90(1\# 5\'-GGAGAAGGAACGTGATAAATT -3\', 2\# 5\'-GCGGAAGATAAAGAGAACTTT -3\') and control siRNA was synthesized in GenePharma (Shanghai, China).

Western blotting
----------------

In brief, cells were lysed in whole-cell lysate buffer containing 1% phosphatase inhibitor cocktail and NPC tumor tissues were lysed in RIPA buffer (Beyotime, Jiangsu, China) with 1% phosphatase inhibitor cocktail. Lysates containing 20-30 µg protein were loaded onto 8% or 12% sodium dodecyl sulfate-polyacrylamide gels for electrophoresis (SDS-PAGE) and the separated proteins transferred to poly vinylidene fluoride (PVDF) membranes (Pall, NY, USA). After blocking with 5% fat free milk for 1 h in Tris-buffered saline (TBS), the membranes were incubated with the primary antibody overnight at 4°C and then with the peroxidase labelled secondary antibody (agilent, CA, USA) for 1 h on the next day. WB bands were visualized with an enhanced chemiluminescence kit (EMD Millipore, MA, USA). The primary antibodies used were γH2AX, XRCC1, KDM5B, UB(1:2000 dilution, abcam, Cambridge, UK), HSP90, KDM5A, KDM5C, KDM5D(1:2000 dilution, proteintech, IL, USA), flag (1:2000 dilution, sigma, Louis, MO, USA ) and monoclonal anti-cleaved PARP-1, α-tubulin, H3K4 mono/di/tri-me, H3K4 mono-me, H3K4 di-me, H3K4 tri-me, H3(1:2000 dilution, Cell SignalingTechnology, Danvers, MA, USA).

Indirect immunofluorescence microscopy
--------------------------------------

Indirect immunofluorescence stains were performed as previously reported. [@B9] The cells were incubated with anti-γH2AX mouse monoclonal antibody, anti-XRCC1 rabbit monoclonal antibody at a 1:200 dilution, respectively. The confocal images of cells were sequentially acquired with Zeiss AIM software on a Zeiss LSM 710 confocal microscope system.

Quantitative real-time RT-PCR
-----------------------------

In brief, Total RNA was extracted using Trizol reagent (Life Technologies, CA, USA) according to the manufacturer\'s instructions. RNAs were quantified using a NanoDrop 2000c instrument (Thermo Scientific, MA, USA). Reverse transcription reaction was performed using 1μg of total RNA with Quantscript RT kit (Tiagen Biotechnology, Beijing, China). The mRNA expression level was determined by quantitative real-time PCR using SYBR Green Master Mix (Applied Biosystens, CA, USA) and ABI 7500 Real-Time PCR System (Applied Biosystems, CA, USA). Human glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as an internal control of RNA integrity. The Primers: (KDM5B-F 5\'-GAATTCGGGAATCTTAAATTTG-3\', KDM5B-R 5\'-TATCTCGAGTTCCTGTTCGGAATAGG-3\'), (GAPDH-F 5\'-GGAGTCAACGGATTTGGT-3\', GAPDH-R 5\'-GTGATGGGATTTCCATTGAT-3\').

Immunoprecipitation
-------------------

Briefly, the cells were harvested and lyzed in cold lysis buffer \[50 mM Tris (pH 7.4), 150 mM NaCl, 1 mM EDTA, 0.5% (v/v) NP-40, 10% (v/v) glycerol, 1 mM PMSF\]. The cell extracts were centrifuged at 12 000 g at 4℃ for 15 min, and the supernatant was then incubated with protein A/G agarose beads (Santa Cruz) as a pretreatment. Precleared lysates were then incubated with anti-flag antibody or control IgG for 1 h, then incubated overnight with protein A/G agarose beads. The beads were collected by centrifugation, washed three times with the lysis buffer and resuspended in 1×SDS loading buffer. The immunoprecipitates were eluted from the beads by incubation at 95℃for 5 min. The eluted proteins were separated by SDS-PAGE and western blotting or Mass spectrometry (Quanchuan biotechnology, Hangzhou, China) analysis were subsequently performed.

*In vivo* nude mice assay
-------------------------

All animal procedures were approved by the Committee on Animal Experimentation of Zhejiang University, and the procedures complied with the NIH Guide for the Care and Use of Laboratory Animals. SGC7901/DDP cells were injected into the flanks of BALB/c nude mice (Nu/Nu, female, 4-6 weeks old) purchased from the Center of Experimental Animals of zhejiang University and maintained under pathogen-free conditions (n=6/ group). When the tumors were 100-150 mm^3^ in size, the mice were treated with cisplatin (4 mg/kg body weight; i.p., every 4 days), 17-AAG(50 mg/kg body weight; i.p., every 4 days), or JIB-04 (55 mg/kg body weight; i.p., every 4 days). Tumor development was monitored by mortality.

Statistical analysis
--------------------

Data are expressed as the mean ± SD. The statistical significance of the differences between the cell lines was determined by the parametric unpaired *Student\'s t test*. Differences were considered significant when *P* \< 0.05.
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![(a-b) The viability of cells treated with cisplatin 24h in concentrations as indicated was determined CCK-8 assay. (c) H3K4 mono/di/tri-me (me1/2/3), H3K4 mono-me(me1), H3K4 di-me(me2), H3K4 tri-me(me3), H3 in the cells as indicated were determined by Western blotting. (d-e) The viability of cells treated with cisplatin and MM-102 for 24h in concentrations as indicated was determined CCK-8 assay. (f-g) The viability of cells treated with cisplatin and JIB-04 for 24h in concentrations as indicated was determined by CCK-8 assay.](ijbsv14p1122g001){#F1}

![(a) Immunofluorescence staining determined XRCC1and γH2AX foci by exposure of SGC7901/DDP cells to 5μg/ml cisplatin and 10μM JIB-04 for 24h (×1000). (b) Western blotting determined the expression of XRCC1 and H3 in each component as indicated. Cells were treated with 5μg/ml cisplatin and 10μM JIB-04 for 24h. (c-d) Annexin-PI staining determined the apoptotic cells. Cells were treated with 5μg/ml cisplatin and 10μM JIB-04 for 24h. (e-f) Western blotting determined the expression of cleaved-PARP1(c-PARP1) as indicated. Cells were treated with 5μg/ml cisplatin and 10μM JIB-04 for 24h.](ijbsv14p1122g002){#F2}

![(a) Western blotting determined the expression of KDM5B in each cell as indicated. (b) Western blotting determined the expression of KDM5B and H3K4 tri-me (me3) in KDM5B knockdown cells. (c) Western blotting determined the expression of KDM5B and cleaved-PARP (c-PARP1) in KDM5B knockdown cells treated with 5μg/ml cisplatin for 24h. (d) Immunofluorescence staining determined XRCC1and γH2AX foci by exposure of KDM5B knockdown SGC7901/DDP cells to 5μg/ml cisplatin for 24h (×1000). (e) Western blotting determined the expression of XRCC1 and KDM5B in each component as indicated. KDM5B knockdown SGC7901/ DDP Cells were treated with 5μg/ml cisplatin for 24h. (f) Western blotting determined the expression of flag-KDM5B and H3K4 tri-me (me3) in KDM5B overexpressed cells. (g-h) The viability of KDM5B overexpressed cells treated with cisplatin 24h in concentrations as indicated was determined CCK-8 assay.](ijbsv14p1122g003){#F3}

![(a) The peptide of HSP90 was detected by Mass spectrometry. (b) immunoprecipitation determined the interaction of flag-KDM5B (flag-tag) and HSP90 in SGC7901 cells treated with 1μg/ml cisplatin for 24h. (c) Western blotting determined the expression of KDM5B and HSP90 in HSP90 knockdown cells with or without 50μM MG132 treatment for 6h. (d-e) Western blotting determined the expression of KDM5B in SGC7901/DDP cells treated with 17-AAG as indicated. (f) Western blotting determined the expression of KDM5B in cells treated with 17-AAG and MG132 (50μM, 6h) as indicated. (g) Immunofluorescence staining determined the ubiquitination of KDM5B (flag-tag) in the SGC7901/DDP cells treated with 17-AAG and MG132 (50μM, 6h).](ijbsv14p1122g004){#F4}

![(a-b) The viability of cells treated with 5μM 17-AAG for various times as indicated was determined CCK-8 assay. (c-d) The viability of cells treated with cisplatin and 5μM 17-AAG for 24h in concentrations as indicated was determined CCK-8 assay. (e) The liver metastasis of tumor. (f) HE stain of the liver (40× and 200×). (h) The survival of tumor-bearing mice treated with cispaltin. (g) The survival of cisplatin resistant tumor-bearing mice treated with 17-AAG, JIB-04, cisplatin alone or in combination.](ijbsv14p1122g005){#F5}
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